In vitro transcription competition with ollgonucleotides has shown that a down regulating factor can be displaced by a methylated oligonucleotide covering a specific region of the avian vitellogenin II gene promoter 
INTRODUCTION
It is well documented that the state of methylation of eukaryotic genes affects their in vivo and in vitro expression (for review see 1-5 and references therein). Methylation of CpG can possibly influence gene expression in various ways. It can influence the chromatin structure in general (6, 7) , prevent the binding of specific factors to DNA (8) (9) (10) (11) or facilitate the binding of certain proteins to DNA (12) (13) (14) (15) (16) (17) (18) (19) . In the last category of proteins the methylated DNA binding protein (MDBP) discovered by the group of Ehrlich in human placenta is also present in other tissues. This large molecular weight protein (250 KDa) recognizes a family of oligonucleotides (14 bp long) containing six mCpGs dinucleotides. The more of its six CpGs dinucleotides are methylated in both strands the higher the binding of MDBP is (12) (13) (14) (15) (16) (17) . Another related protein, the DBPm was discovered by the same group in plants (18) . DBPm has also a large molecular weight, has no specific DNA recognition site and needs several methylated CpGs in its binding site. Finally the group of Bird has described a new methylated CpG binding protein (MeCP) that recognizes 15 or more symmetrical CpGs moieties per DNA molecule. The protein has a molecular weight of about 120 KDa and is widely distributed in mammals (19) . The exact role played by these proteins in the regulation of cell and gene function remains to be established.
While doing in vitro transcription competition experiments with synthetic oligonucleotides in a homologous system, we recently found that a down regulatory factor could be selectively competed out with a methylated oligonucleotide covering the promoter region of avian vitellogenin gene (20) . In the present communication, we show that a methylated DNA binding protein (MDBP-2) is indeed present in the liver nuclear extracts that we used for the in vitro transcription assays. MDBP-2 is of small molecular weight (40 KDa) and binds in a sequence specific manner an oligonucleotide (30™") containing one pair of symmetrically methylated CpGs. The protein is mainly present in the liver and oviduct and may down regulate avian vitellogenin II gene expression.
MATERIALS AND METHODS
Chemicals. Heparin-Sepharose was purchased from Pharmacia, T4 polynucleotide kinase and Klenow fragments of polymerase I were from Boehringer.
32 P alpha dATP and n P gamma ATP (3000 Ci/mmole) were obtained from Amersham.
Preparation of nuclear extracts and oligonucleotides. Nuclear extracts for in vitro transcription were prepared as previously described (20) . These nuclear extracts were fractionated by FPLC on Heparin-Sepharose columns by step elutions gradients (0.1 M to 1 M KC1) and each fraction was precipitated by 70% saturation of ammonium sulfate and dialyzed against 60 mM KC1, 50 mM Hepes pH 7.5, 1 mM DTT and 10% glycerol (v:v). The
• To whom correspondence should be addressed dialyzed fractions contained 2-10 /tg protein//xl and were kept frozen in liquid nitrogen or at -80°C. Oligonucleotides were synthesized with an Applied Biosystems model 38OA synthesizer and purified as previously described (20) .
Gel mobility band shift assays. Two to 4 fig of fractionated nuclear proteins were incubated for 20 minutes at room temperature with 1-3 ng (1-3.10 5 cpm) of endlabeled duplex oligonucleotides in the presence of 1-2 /tg of non specific competing DNA (sonicated E. coli DNA or poly dl-dQ. The reaction mixture contained 50 mM Hepes pH 7.5, 50-100 mM KC1, 1 mM EDTA, 1 mM DTT and 10% glycerol (v:v). At the end of incubation 3 /tl of 0.05% bromophenol blue in the above buffer were added and the samples were loaded onto a 4 or 5% polyacrylamide gel prepared in 0.25 xTBE. Electrophoresis was carried out at 30 mA in 0.25 XTBE for 1 to 2 hours at room temperature (1 XTBE has 89 mM Tris base, 89 mM boric acid, 2 mM EDTA pH 8.3). Gels were exposed on Kodak X OMAT AR films.
Contact points of MDBP-2 with partially depurinated and depyrimidinated endlabeled oligonucleotides were studied according to Bninelle and Schleif (21) as modified by Hughes etal. (22) .
UV light crosslinking of proteins with labeled DNA. The protein-DNA complex was formed and then separated from the free DNA by electrophoresis on 4% native polyacrylamide gels as described above. Upon autoradiography, the protein -DNA complex was excised from the gel and subjected to UV irradiation for 15 minutes on ice. The crosslinked complexes were then electro-eluted and ethanol precipitated. The precipitate was dissolved and separated on a 12% SDS-polyacrylamide gel and exposed on an X-ray film.
In vitro transcription with chicken liver nuclear extracts was essentially done according to Vaccaro et al. (20) . (27) . The first two lanes U and M represent the unmethylated and methylated oligonucleotides incubated in the absence of nuclear proteins. Right panel shows a comparison between the 0.5 M KCI fraction from rooster (R) and hen (H) liver nuclear extracts. U and M are the unmethylated and methylated oligonucleotides at position +10 respectively. C is the protein-DNA complex and F the free DNA. The experiments were carried out as outlined in methods.
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OT A+G OT A + Figure 2 . Missing contact probing of the MDBP-2 with its endlabeled target sequence. Experiments were carried out as described in methods. B and F stand for the bound and the free DNA respectively, whereas L is the lower and U the upper strand of the synthetic oligonucleotide. The reactions product were separated on a 20% polyacrylamide sequencing gel.
another protein that binds both the methylated and non methylated oligonucleotide. The panel on the right shows that the methylated DNA binding protein (MDBP-2) is also present in the 0.5 M KC1 fraction of hen nuclear extracts.
Contact points of the MDBP-2 from rooster liver with the methylated endlabeled oligonucleotide duplex 5' TTCACCTTmCGCTATGAGGGGGATCATACTGG 3' (where mC is 5-methylcytosine). The partially depurinated and depyrimidinated oligonucleotide was complexed in vitro with MDBP-2 and upon separation of the protein-DNA complex from the free DNA by gel mobility shift assay, free and bound DNA were extracted, subjected to piperidine cleavage and analysed on a 20% polyacrylamide sequencing gel ( figure 2 ). An interpretation diagram of these results is shown in figure 3 . Strong contact points of MDBP-2 with the oligonucleotide are located on the 5' 16 and 18) . Three nanograms of 32 P labeled target sequence of MDBP-2 were incubated with 4 /tg of the partially purified MDBP-2 from rooster nuclear extracts in the presence of £ coli DNA and increasing concentrations of the non labeled oligonucleotides. The reaction product was separated on a 4% polyacrylamide gel and the protein-DNA complexes were cut out of the gel and counted for radioactivity (100% represents the radioactivity in the protein-DNA complex in the absence of competing oligonucleotides, usually 45 000 cpm).
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-RLHLOK E-RLHLO K E C--F- Figure 6 . Tissue specificity of MDBP-2. Gel mobility shift assays were carried out as described in methods with fractionated nuclear extract from rooster liver (RL), hen liver (HL), oviduct (O), kidney (K), and erythrocytes (E). M is the methylated endlabeled oligonucleotide binding site and NM the non methylated one. F and C stand for free DNA and complexed DNA with the MDBP-2 respectively.
binding of proteins to the shorter oligonucleotides whereas under the same experimental conditions the full length methylated oligonucleotide gave a strong binding signal (lane 2). Most likely there is only one protein binding to the methylated oligonucleotide unless there is a strong cooperative interaction between two smaller proteins. figure 3) , there is a better competition binding than with the same oligonucleotide methylated on the lower strand. The results suggest that MDBP-2 in addition to its preferential binding to methylated binding site is also sequence specific.
Tissue specificity of MDBP-2 binding. Nuclear extracts from chicken liver, oviduct, kidneys and erythrocytes were fractionated on Heparin-Sepharose as described in methods and tested by gel mobility shift assays for the presence of MDBP-2. Figure 9 . Effect of the purified MDBP-2 on the in vitro transcription of avian vitellogenin II gene. In vitro transcription competition in an homologous system was carried out as previously described (20) . Curve A shows the effect of increasing concentrations of methylated oligonucleotide binding site on the transcription of the vitellogenin gene. In the presence of a 25 fold mole excess of the methylated oligonucleotide (arrow), increasing concentrations of serum albumin (curve B) or purified MDBP-2 (purified 200 x) from the cell free extract (curve Q were added to the transcription system. The transcription products were analyzed by primer extension with reverse transcriptase and separated on an 11 % denaturating polyacrylamide gel. Upon autoradiography the bands corresponding to the full size transcription product were cut out and counted for radioactivity. The 100% represents trie transcription product in the complete system in the absence of any competing oligonucleotide (20) . The X axis labeled: 'competitor DNA, mole excess (fold)', is only relevant for curve A, whereas the X axis labeled: 'ftg protein', is relevant to the curves B and C that starts at the arrow. 6 shows the results obtained for the protein fraction eluted with 0.5 M KC1 (the only fraction containing MDBP-2). A comparison of the results obtained with the methylated (M) and non methylated (NM) oligonucleotide shows clearly that the methylated DNA binding protein(s) is mainly present in the liver and oviduct. Proteolytic clipping band shift assays carried out with purified fractions from kidney and erythrocytes have shown that the binding activity is different that the one present in the liver (data not shown).
Molecular weight of MDBP-2 was determined by UV light crosslinking of the protein to the endlabeled oligonucleotide combined with SDS-polyacrylamide gel electrophoresis. Figure  7 (line 1 and 3) shows that the unsubstituted oligonucleotides gave a very poor UV crosslinking with the protein whereas bromodeoxyuridine substituted oligonucleotides gave under the same incubation conditions much stronger signals (lanes 2 and 4). For both, rooster (lanes 3 and 4) and hen (lanes 1 and 2) , two distinct bands between 39 and 42 KDa are observed. However MDBP-2 from hen seems to be slightly larger than the one of rooster. Similar results have been shown with gel mobility shift assays (see figure 1 , right panel).
MDBP-2 from hen and rooster give different pattern in proteolytic
clipping bandshift assays. Four mkrograms of the nuclear protein from the 0.5 M KC1 Heparin -Sepharose fractions from rooster and hen were incubated with trypsin as indicated in figure 8 . Incubation of protein-DNA complex with 10~2 units of trypsin gives a different pattern of cleavage indicating that the MDBP-2 from the two sources are not identical. These results corroborate the one shown in figure 1, right panel and figure 7 . However, it is premature to say whether one protein is the covalent modification of the other, or whether these proteins have different sequences.
Effect of purified MDBP-2 on the in vitro transcription of vitellogenin II gene.
The curve A of figure 9 confirms our published results (20) . In presence of increasing concentrations of methylated oligonucleotide covering the methylation site (nucleotide position +10) of the promoter region of the gene, there is an up regulation. This effect can be reversed in a dose dependent manner by adding purified MDBP-2 to the hen liver cell free transcription system (curve C). The purified MDBP-2 fraction from hen liver nuclear extracts (purified 200 fold) had no measurable deoxyribonuclease and ribonuclease activities. In addition, the effect of MDBP-2 could be reversed by the addition of a larger amount of methylated oligonucleotide (data not shown). Thus ruling out any non specific proteolytic degradation of transcription factors. On the other hand an addition of increasing concentrations of bovine serum albumin was without effect on the transcription (curve B). These results strongly suggest that the methylated DNA binding protein (MDBP-2) described in this paper is a down regulating protein of avian vitellogenin gene.
DISCUSSION
Upon injection of estradiol to immature chicks there are changes in the chromatin structure of the vitellogenin II gene which are reflected by the binding of the 5' and 3' ends and the flanking regions of the gene to the nuclear matrix (24), the appearance of DNase I hypersensitive sites in various regions of the promoter (25) . In vitro transcription competition experiments carried out with synthetic oligonucleotides covering the in vivo footprints showed that the regulation of the vitellogenin gene by estradiol was the result of an interplay of positive and negative regulatory elements (20) . In these competition experiments it was shown that a methylated oligonucleotide, methylated at its biologically relevant CpG, was a better competitor of the down regulatory factor(s) than its non methylated counterpart. The present experiments strongly suggest that MDBP-2 may play an essential role as a down regulator. The two methylated DNA binding proteins (or the two forms of the same protein) may have a slightly different function in rooster and hen. In rooster where the gene is methylated and silent, MDBP-2 could ensure the permanent silencing of the gene. In hens where the gene becomes hypomethylated and where its activity is subject to seasonal variations (during the molting of the birds vitellogenin is synthesized at extremely low levels), the gene could be modulated by a combination of the levels and activity of both the estrogen receptor and MDBP-2. It is noteworthy that MDBP-2 prepared during the molting season has also some capacity to bind the non methylated DNA sequence. At the same time nuclei and nuclear extracts prepared from molting hens or roosters were transcribing the vitellogenin gene very poorly, suggesting that among other factors, MDBP-2 may well be responsible for both the silencing of the gene in roosters and the modulation of the gene expression in hens. MDBP-2 is very different from the other proteins binding to methylated DNA described by the groups of Ehrlich and Bird (12 -19) . It is of small molecular weight, sequence specific and needs only one pair of symmetrically methylated CpGs for tight binding. Furthermore this protein could not be detected in Xenopus liver nuclear fractions or in HeLa cells, thus showing sipecies specificity (Jost, unpublished results).
